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Abstract:
The world’s largest sample of 1.31 billion J/ψ events accumulated at the BESIII detector, provides a unique oppor-
tunity to investigate η and η′ physics via two body J/ψ radiative or hadronic decays. For many η′ decay channels
the low background data samples are up to three orders of magnitude larger than collected in any previous experi-
ment. Here we review the most significant results on η and η′ obtained at BESIII so far. The analyses range from
detailed studies of the common decays dynamics, observations of new radiative and Dalitz decays, and search for
rare/forbidden decays with sensitivity up to B ∼ 10−5. Finally, prospects of the forthcoming runs at J/ψ peak for
the η and η′ physics are discussed.
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1 Introduction
More than half a century after η [1] and η′ [2, 3] dis-
coveries, the mesons still attract attention of both theory
and experiment. As the neutral members of the ground
state pseudoscalar nonet, they play an important role
in understanding low energy Quantum Chromodynam-
ics (QCD). The main properties of η and η′ mesons are
firmly established and their main decay modes are fairly
well known. Decays of the η/η′ probe a wide variety of
physics issues e.g. pi0−η mixing, light quark masses and
pion-pion scattering. In particular the η′ meson, much
heavier than the Goldstone bosons of broken chiral sym-
metry, plays a special role as predominantly the singlet
state arising from the strong axial U(1) anomaly. In ad-
dition the decays of both mesons are used to search for
processes beyond any considered extension of the Stan-
dard Model (SM) and to test fundamental discrete sym-
metries.
The main decays of the η/η′ meson are hadronic and
radiative processes. Alternatively one can divide the
decays into two following classes. The first class con-
sists of hadronic decays into three pseudoscalar mesons,
such as η′ → ηpipi. Those processes are already included
in the lowest order, O(p2), of chiral perturbation the-
ory (ChPT) [4]. The second class includes anomalous
processes involving odd number of pseudoscalar mesons,
such as η′→ ρ0γ and η′→ pi+pi−pi+pi−. They are driven
by the Wess-Zumino-Witten (WZW) term [5, 6] which
enters at O(p4) order [7]. Dynamics of η decays remains
a subject of extensive studies aiming at precision tests
of ChPT in SUL(3)× SUR(3) sector (i.e. involving s
quark). Model-dependent approaches for describing low
energy meson interactions, such as Vector Meson Domi-
nance (VMD) [8, 9], and the large number of colors, NC ,
extensions of ChPT [10] together with dispersive meth-
ods could be extensively tested in η′ decays.
Table 1. The available η/η′ decays calculated with
the 1.31×109 J/ψ events at BESIII.
Decay Mode B (×10−4) [17] η/η′ events
J/ψ→ γη′ 51.5±1.6 6.7×106
J/ψ→ γη 11.04±0.34 1.4×106
J/ψ→φη′ 7.5±0.8 9.8×105
J/ψ→φη 4.5±0.5 5.9×105
The BESIII detector [16], operating at the Beijing
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Table 2. Some of the BESIII results on η′ branching fractions, B, based on the sample of 1.31× 109 J/ψ events.
Extracted yields with statistical errors, detection efficiency and branching fractions for the studied η′ decay modes,
where the first error is statistical, the second systematic, and the third from model dependence. The last column
gives the status before BESIII experiment.
Decay Mode Yield ε (%) B (×10−4) Ref. Comment
η′ → pi+pi−pi0 6067 ± 91 25.3 35.91 ±0.54±1.74 [11] previously 20 events
(pi+pi−pi0)S 6580 ± 130 26.2 37.63±0.77±2.22±4.48 [11] first measurement
ρ±pi∓ 1231 ± 98 24.8 7.44±0.60±1.26±1.84 [11] first measurement
η′→pi0pi0pi0 2015 ± 47 8.8 35.22±0.82±2.60 [11] previously 235 events
η′→e+e−γ 864± 36 24.5 4.69±0.20±0.23 [12] first measurement
η′→e+e−ω 66±11 5.45 1.97± 0.34±0.17 [13] first measurement
η′→γω 33187 ± 351 21.9 255.00±3.00±16.00 [13]
η′→γγpi0 655 ± 68 15.9 6.16±0.64±0.67 [14] first measurement
η′→pi+pi−pi+pi− 199 ±16 34.5 0.853 ±0.069±0.069 [15] first measurement
η′→pi+pi−pi0pi0 84 ±16 7.0 1.82±0.35±0.18 [15] first measurement
Electron Positron Collider (BEPCII), is a general pur-
pose facility designed for τ -charm physics studies in e+e−
annihilation with high precision. Since its commissioning
in 2008, a series of important results have been achieved,
including charmonium decays, light hadron spectroscopy
and charm meson decay, with the world’s largest data
samples in the τ -charm region. Due to high production
rate of light mesons in the charmonium, e.g., J/ψ, de-
cays, the BESIII experiment also offers a unique possi-
bility to investigate the light meson decays. Radiative
decays J/ψ → ηγ and J/ψ → η′γ provide clean and
efficient sources of η/η′ mesons for the decay studies.
The accompanying radiative photon, with energy of 1.5
GeV/c2 and 1.4 GeV/c2 respectively, is well separated
from the decay products. An alternative source of the
η (η′) is the hadronic two-body process of J/ψ → φη
(J/ψ→ φη′) where φ is identified via φ→K+K− decay
could be used to tag η(η′) decays where not all decay
products are reconstructed.
With two runs in 2009 and in 2012 a total data sam-
ple of 1.31×109 J/ψ events [18, 19] was collected at the
BESIII detector, the available η and η′ events are sum-
marized in Table. 1 from radiative decays of J/ψ→ γη,
γη′, and hadronic decays of J/ψ→φη, φη′.
The review presents a recent progress on η/η′ de-
cays at the BESIII experiment. Unless specifically men-
tioned the analyses are based on the full data sample of
1.31×109 J/ψ events. However, some earlier analyses use
data from 2009 run only with 225.3×106 J/ψ events. A
summary of some branching fractions measured by BE-
SIII and the collected data samples using full data set
is presented in Table 2. For the common three body η
and η′ processes results on the decay distributions are
reported. In addition the upper limits at 90% confidence
level (C.L.) for rare and forbidden decay modes are pre-
sented. Finally the prospects for the analyses based on
the 1010 J/ψ events to be collected at BESIII in the near
future are discussed.
2 η/η′ hadronic decays
2.1 η→pi+pi−pi0 and η→pi0pi0pi0 [20]
Decays of the η meson into 3pi violate isospin sym-
metry and were first considered to be electromagnetic
transitions. However, it turns out the electromagnetic
contribution is strongly suppressed [21–24]. Therefore
the decays provide a unique opportunity for a precision
determination of mu/md quark mass ratio in a strong
process [25]. The challenge for the theory is to provide
a model independent description of the process based
on ChPT, supplemented by general analytic properties
of the amplitudes (dispersive methods). This approach
keeps the promise to finally resolve long standing dis-
crepancy between the lowest order ChPT prediction for
the decay width of η→pi+pi−pi0 of 66 eV [26] and the ex-
perimental value of 300±11 eV [17]. This would conclude
several years of efforts put by several theory groups to
understand the problem, see e.g. [27–35]. However, now
there is a need for high statistics Dalitz plot distribu-
tions of η→pi+pi−pi0 to test and/or constrain the theory
predictions.
With the radiative decay J/ψ→ γη, a clean sample
of 8×104 η→ pi+pi−pi0 candidate events was selected at
BESIII. Figure 1(a) shows the pi+pi−pi0 invariant mass,
with the pronounced η peak and ∼ 0.1% background.
The two Dalitz plot variables are defined as X =√
3(Tpi+ − Tpi−)/Q and Y = 3Tpi0/Q− 1, where Tpi de-
notes the kinetic energy of a pion in the η rest frame
and Q =mη−mpi+ −mpi−−mpi0 is the excess energy of
the reaction. The distributions of X and Y are shown in
Figs. 1 (b) and (c). Using the same parameterization as
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Fig. 1. (a) Distribution of pi+pi−pi0 invariant mass. Projections of the Dalitz plot as a function of (b) X and (c)
Y for η → pi+pi−pi0 obtained from data (dots with error bars), the fit projections (solid line) and phase space
distributed MC events (dashed line).
in Ref. [36], the decay amplitude squared is expressed as
|A(X,Y )|2∝ 1+aY +bY 2+cX+dX2
+eXY +fY 3+ . . . ,
(1)
where the coefficients a,b,c, . . . are the Dalitz plot pa-
rameters. Terms with odd powers of X (c and e param-
eters) are included only to test charge conjugation (C)
conservation. An unbinned maximum likelihood fit to
data gives the Dalitz plot parameters shown in Table. 3
where they are compared to the results from previous
measurements and theoretical calculations. The effect of
including c and e parameters was tested in an alternative
fit. The a, b, d and f parameters are almost unchanged,
while the parameters c and e are consistent with zero
within one standard deviation.
For η→pi0pi0pi0, the amplitude squared is nearly con-
stant and the deviation can be parameterized in the low-
est order using just one variable Z = 2
3
∑3
i=1
(3Ti/Q−1)2,
where Q=mη−3mpi0 and Ti denotes the kinetic energy
of each pi0 in the η rest frame. The Dalitz plot density
distribution could be parameterized using a linear term,
|A(Z)|2∝ 1+2αZ+ . . . , (2)
where α is the slope parameter.
The pi0pi0pi0 mass spectrum is shown in Fig. 2(a), with
the η peak and the background estimated to be less than
1%. The distribution of the variable Z is displayed in
Fig. 2(b). Due to the kinematic boundaries and the cusp
at the pi0pi0→pi+pi− threshold [31, 43], only the interval
of 0 < Z < 0.7 is used to extract the slope parameter α
from the data. In analogy to the η→ pi+pi−pi0 measure-
ment an unbinned maximum likelihood fit, as displayed
in the inset of Fig. 2(b), yields the Dalitz plot slope pa-
rameter α=−0.055±0.014±0.004, which is compatible
with the recent results from other experiments.
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Fig. 2. (a) Distribution of M(pi0pi0pi0) in the η
mass region. (b) Distribution of the variable Z
for η→ pi0pi0pi0. Dots with error bars are for data,
histograms for background contributions, dashed
histograms for phase space distributed MC events
and the solid lines in the inset are the results of
the fit.
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Table 3. Theoretical and experimental values for the η→pi+pi−pi0 Dalitz plot parameters.
Theory/Exp. a b d f
ChPT NLO[27] −1.33 0.42 0.08 0
ChPT NNLO[30] −1.271±0.075 0.394±0.102 0.055±0.057 0.025±0.160
Dispersive Theory[28] −1.16 0.26 0.10 0
Absolute Dispersive[37] −1.21 0.33 0.04 0
UA[38] −1.049±0.025 0.178±0.019 0.079±0.028 0.064±0.012
NREFT[31] −1.218±0.013 0.314±0.023 0.051±0.003 0.084±0.019
Layter[39] −1.08±0.014 0.03±0.03 0.05±0.03 −
CBarrel[40] −1.22±0.07 0.22±0.11 0.06(fixed) −
KLOE08[36] −1.09+0.013−0.024 0.124±0.016 0.057+0.016−0.022 0.14±0.03
WASA-at-COSY[41] −1.144±0.018 0.219±0.019±0.047 0.086±0.018±0.015 0.115±0.037
BESIII[20] −1.128±0.015±0.008 0.153±0.017±0.004 0.085±0.016±0.009 0.173±0.028±0.021
KLOE16[42] −1.104±0.003±0.002 0.142±0.003+0.005−0.004 0.073±0.003+0.004−0.003 0.154±0.006+0.004−0.005
Table 4. Theoretical and experimental values for
η→ pi0pi0pi0 Dalitz plot slope parameter α.
Theory/Exp. α
ChPT/NLO[27] 0.015
dispersive[28] (-0.014)-(-0.007)
UA[38] −0.031±0.003
ChPT/NNLO[30] 0.013±0.032
KLOE[44] −0.0301±0.0035+0.0022−0.0035
WASA-at-COSY[45] −0.027±0.008±0.005
CBall[46] −0.0322±0.0012±0.0022
SND[47] −0.010±0.021±0.010
CBarrel[48] −0.052±0.017±0.010
GAM2[49] −0.022±0.023
BESIII[20] −0.055±0.014±0.004
2.2 η′→pi+pi−η [50] and η′→pi+(0)pi−(0)η [51]
The combined branching fraction of the two main
hadronic decays of η′: η′ → pi+pi−η and η′ → pi0pi0η is
nearly 2/3. The ratio B(η′ → pi+pi−η)/B(η′ → pi0pi0η)
should be exactly two in the isospin limit. The decays
involve both η and pions in the final state and there-
fore allows to extract information about piη interactions.
However, the excess energy of the processes is relatively
small: 130 MeV and 140 MeV for pi+pi−η and pi0pi0η
respectively. This means precision high statistics experi-
mental studies of the Dalitz plots together with an appro-
priate theory framework for extraction of the piη phase
shifts are needed.
The two Dalitz plot variables, X and Y , are usually
defined as X =
√
3
Q
(Tpi+ −Tpi−) and Y = mη+2mpimpi
Tη
Q
− 1,
where Tpi,η denote the kinetic energies of the mesons in
the η′ rest frame and Q=Tη+Tpi++Tpi− =mη′−mη−2mpi.
Two different parametrizations of the Dalitz plot dis-
tribution are used. The historically first one assumes a
linear amplitude in Y variable:
|A(X,Y )|2∝ |1+αY |2+cX+dX2, (3)
the other representation is just a general polynomial ex-
pansion:
|A(X,Y )|2∝ 1+aY +bY 2+cX+dX2, (4)
where, α is complex and a, b, c, d are real parame-
ters. These two representations are equivalent in case
of b> a2/4.
Initial BESIII η′ → pi+pi−η Dalitz plot analysis [50]
was based on 2009 data and the above two representa-
tions was used. The extracted parameters are generally
consistent with the previous measurements and theoret-
ical predictions. The negative value of b parameter in-
dicates, with an uncertainty of 30%, that the two repre-
sentations may not be equivalent. The most recent BE-
SIII analysis [51] uses nearly background free samples of
3.5× 105 η′ → ηpi+pi− events and 5.6× 104 η′ → ηpi0pi0
events from 1.31×109 J/ψ. The goal was determination
of the Dalitz plot parameters for the two decay modes
and a search for the cusp at the pi0pi0→pi+pi− threshold
in η′→ ηpi0pi0. And the fit results for the above two rep-
resentations, which are shown in Fig. 3 and Fig. 4, and
the corresponding fitted parameters are summarized in
Table 5.
For the η′ → ηpi+pi− decay, the results, supersed-
ing the previous BESIII measurement [50], are not con-
sistent with the measurement from VES and the theo-
retical predictions within the framework of U(3) chiral
effective field theory in combination with a relativistic
coupled-channels method (Chiral Unitary Approach –
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Fig. 3. (a) The experimental Dalitz plot for the decay η′ → pi+pi−η in terms of the variables X and Y with the
pi+pi−η mass in the η′ mass region. The corresponding projections on variables X and Y are shown in (b) and (c),
respectively, where the dashed histograms are from MC of η′→ pi+pi−η events generated with phase space. The
solid histograms are the fit results described in the text.
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Fig. 4. (a) The experimental Dalitz plot for the decay η′ → pi0pi0η in terms of the variables X and Y with the
pi+pi−η mass in the η′ mass region. The corresponding projections on variables X and Y are shown in (b) and (c),
respectively, where the dashed histograms are from MC of η′ → pi0pi0η events generated with phase space. The
solid histograms are the fit results described in the text.
Table 5. Experimental and theoretical values of the Dalitz plot parameters for η′→ ηpi+pi− and η′→ ηpi0pi0. The
values for parameter c and ℑ(α) are given only for comparison with previous experiments.
Para.
η′→ ηpi+pi− η′→ ηpi0pi0
ChUA [38] Large NC [52] VES [53] BESIII [51] ChUA [38] GAMS-4pi [54] BESIII [51]
hline a −0.116±0.011 −0.098±0.048 −0.127±0.018 −0.056±0.004±0.003 −0.127±0.009 −0.067±0.016 −0.087±0.009±0.006
b −0.042±0.034 −0.050±0.001 −0.106±0.032 −0.049±0.006±0.006 −0.049±0.036 −0.064±0.029 −0.073±0.014±0.005
c ... ... +0.015±0.018 (2.7±2.4±1.8)×10−3 ... ... ...
d +0.010±0.019 −0.092±0.008 −0.082±0.019 −0.063±0.004±0.004 +0.011±0.021 −0.067±0.020 −0.074±0.009±0.004
ℜ(α) ... ... −0.072±0.014 −0.034±0.002±0.002 ... −0.042±0.008 −0.054±0.004±0.001
ℑ(α) ... ... 0.000±0.100 0.000±0.019±0.001 ... 0.000±0.070 0.000±0.038±0.002
c ... ... +0.020±0.019 (2.7±2.4±1.5)×10−3 ... ... ...
d ... ... −0.066±0.034 −0.053±0.004±0.004 ... −0.054±0.019 −0.061±0.009±0.006
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ChUA) [38]. In particular for the cofficient a, the dis-
crepancies are about four standard deviations. On the
other hand large-NC ChPT prediction at next-to-next-
to-leading order [52] is consistent with the measured a
value due to the large theoretical uncertainty. For the
cofficient c violating charge conjugation, the fitted val-
ues are consistent with zero within one standard devia-
tion for both representations.
In case of η′→ ηpi0pi0, the results are in general con-
sistent with the previous measurements and theoretical
predictions within the uncertainties from both sides. The
latest results [55] reported by the A2 experiment are also
in agreement with those obtained from BESIII. We no-
tice a discrepancy of 2.6 standard deviations for param-
eter a between η′→ ηpi+pi− and η′→ ηpi0pi0 modes. The
present results are not precise enough to firmly estab-
lish isospin violation and additional effects, e.g., radia-
tive corrections [56] and pi+/pi0 mass difference should
be considered in the future experimental and theoretical
studies.
It was also found that the linear representation could
not describe data. The discrepancies between data and
the fit are evident in the Y projection for the both decay
modes, which is yet another indication that the linear
and general representations are not equivalent. In addi-
tion, a search for the cusp in η′ → ηpi0pi0 performed by
inspecting the pi0pi0 mass spectrum close to pi+pi− mass
threshold, reveals no statistically significant effect. Most
recent theoretical dispersive analysis of the cusp in the
η′ → ηpi0pi0 [57] uses Dalitz plot parameters from VES
and 2009 BESIII[50] η′ → ηpi+pi− data. However, the
amplitudes from Ref. [57] should be preferably fitted di-
rectly to the Dalitz plot data for the two decay modes.
2.3 η′→pi0pi0pi0 [20]
The isospin violating decay of η′ → pi0pi0pi0 was
first observed in pi−p → ηn [58]. In a later experi-
ment the Dalitz plot slope parameter was extracted to
be α = −0.1± 0.3 with limited statistics of around 60
events [59], and in 2008 GAMS-4pi analysis updated to
α = −0.59± 0.18 using 235± 45 events [54]. Using the
2009 J/ψ data sample BESIII has reported the branch-
ing fraction of the decay which is about two times larger
than Ref. [54, 58, 59] (average B = (1.77± 0.23)× 10−3
for the three experiments). However, in this first BE-
SIII analysis the Dalitz plot slope parameter was not
reported [60].
With the full J/ψ data set a determination of the
Dalitz plot slope was possible [20]. The η′ signal is
clearly observed in pi0pi0pi0 mass spectrum, Fig. 5(a),
where the hatched and shaded histograms show the back-
ground contributions from the inclusive J/ψ decays and
η′ → pi0pi0η, respectively. As shown in Fig. 5(b), a
maximum-likelihood fit to the events with Z in the region
of 0.2 < Z < 0.6 gives the Dalitz plot slope parameter:
α=−0.640±0.046±0.047, much more precise than previ-
ous measurements as summarized in Table. 6. The value
deviates significantly from zero, which implies that final
state interactions play an important role. Up to now,
there are only few theory predictions to compare the pa-
rameter value. One exception are the ChUA calculations
of Ref. [38]. The predicted value of the α coefficient is in
the −2.7 to 0.1 range, consistent with the BESIII mea-
surement.
Table 6. Theoretical and experimental values for
η′→pi0pi0pi0 Dalitz plot slope parameter α.
Theory/Exp. α
ChUA[38] −2.7∼ 0.1
GAMS[54] −0.59±0.18
GAM2[59] −0.1±0.3
BESIII[20] −0.640±0.046±0.047
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Fig. 5. (a) Distribution of M(pi0pi0pi0) in the η′
mass region. (b) Distribution of the variable Z for
η′ → pi0pi0pi0. Dots with error bars are for data,
histograms for background contributions, dashed
histograms for phase space distributed MC events
and the solid lines in the inset are the results of
the fit.
2.4 Amplitude analysis of η′→pi+(0)pi−(0)pi0 [11]
At first, the low intensity process η′→ pi+pi−pi0 may
be considered to come from pi0− η mixing in the domi-
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nating decay η′→ pi+pi−η [61]. This would offer a possi-
bility to determine precisely u−d quark mass difference
from the branching fraction ratio of the two processes.
However, a recent analysis shows that even at tree level
other terms are needed [62]. In addition the decay am-
plitudes are strongly affected by the intermediate reso-
nances. Therefore the mixing of pi0−η and u−d quark
mass difference cannot be extracted in a simple way.
The decay η′ → pi+pi−pi0 was first observed by the
CLEO experiment [63] in 2008. BESIII has reported the
branching fraction measurement using 2009 J/ψ data set
[60] but the amplitude analysis was only possible with
the full data set. In particular it was expected that con-
tribution of η′ → ρ±pi∓ could be identified. This ex-
pectation is supported by the experimental distributions
shown in the Dalitz plot of M 2(pi+pi−) versus M 2(pi−pi0)
in Fig. 6, where the two clusters corresponding to the
contribution η′→ ρ±pi∓ are seen.
The common amplitude analysis of the decays η′→
pi+pi−pi0 and η′ → pi0pi0pi0 is performed using isobar
model. The fit results illustrated by the invariant mass
spectra of pi+pi−, pi+pi0 and pi−pi0 (Fig. 7) show significant
P -wave contribution from η′ → ρ±pi∓ in η′ → pi+pi−pi0.
The branching fraction B(η′→ ρ±pi∓) is determined to be
(7.44±0.60±1.26±1.84model)×10−4. In addition to the non-
resonant S-wave, the resonant pi-pi S-wave with a pole at
(512±15)−i(188±12)MeV, interpreted as the broad σ me-
son, plays essential role in the η′→ pipipi decays. Due to
the large interference between non-resonant and resonant
S-waves, only the sum is used to describe the S-wave con-
tribution, and the branching fraction is determined to be
B(η′→pi+pi−pi0)S =(37.63±0.77±2.22±4.48model)×10−4.
For η′ → pi0pi0pi0, the P -wave contribution in two-
body rescattering is forbidden by Bose symmetry. The
Dalitz plot for η′ → pi0pi0pi0 is shown in Fig. 8 (a) and
the amplitude fit is displayed in Fig. 8 (b). The corre-
sponding branching fraction is measured to be B(η′ →
pi0pi0pi0)= (35.22±0.82±2.60)×10−4.
The branching fractions of η′ → pi+pi−pi0 and η′ →
pi0pi0pi0 are in good agreement with and supersede the
previous BESIII measurements [60]. The value for
B(η′→pi0pi0pi0) is two times larger than GAMS measure-
ment of (16± 3.2)× 10−4 [59]. The significant resonant
S-wave contribution also provides a reasonable explana-
tion for the negative slope parameter of the η′→pi0pi0pi0
Dalitz plot [20]. The ratio between the S-wave compo-
nents of the two decay modes, B(η′ → pi0pi0pi0)/B(η′ →
pi+pi−pi0)S , is determined to be 0.94±0.029±0.13, where
the common systematic cancels. With the branching
fractions of η′ → pipiη taken from Particle Data Group
(PDG) [17], r± = B(η′→pi+pi−pi0)/B(η′→pi+pi−η) and
r0 = B(η′→pi0pi0pi0)/B(η′→pi0pi0η) are calculated to be
(8.8±1.2)×10−3 and (16.9±1.4)×10−3, respectively.
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2.5 η′→pi+pi−pi+pi−,pi+pi−pi0pi0 [15]
In ChPT anomalous hadronic decays η′ →
pi+pi−pi+(0)pi−(0) are related to WZW pentagon contribu-
tion. In the VMD model ρ0ρ0 or ρ+ρ− intermediate state
should provide dominant contribution. Using a combi-
nation of ChPT and VMD the branching fractions were
calculated to be B(η′→pi+pi−pi+pi−) = (1.0±0.3)×10−4
and B(η′→pi+pi−pi0pi0)= (2.4±0.7)×10−4 [64].
The pi+pi−pi+(0)pi−(0) invariant mass distributions for
the BESIII analysis are shown in Figs. 9(a) and (b), re-
spectively, where the η′ peak is clearly seen. The results
of background simulations are indicated by the hatched
histograms in Figs. 9(a) and (b). None of the background
sources produces a peak in the pi+pi−pi+(0)pi−(0) invariant
mass spectrum near the η′ mass.
In order to measure the branching fractions, the sig-
nal efficiency was estimated using a signal MC sample
using two assumptions: the flat phase space and the de-
cay amplitudes from Ref. [64]. For η′→pi+pi−pi+pi−, each
of the M(pi+pi−) combinations was divided into 38 bins
in the region of [0.28, 0.66] GeV/c2. With the procedure
described above, the number of the η′ events in each bin
is obtained by fitting the pi+pi−pi+pi− mass spectrum in
this bin, and then the background-subtractedM(pi+pi−)
is obtained as shown in Fig. 9 (c) (four entries per event),
where the errors are statistical only. The comparison of
the experimental M(pi+pi−) distribution and two models
is shown in Fig. 9(c). The amplitude of Ref. [64] pro-
vides better description of the data than the phase space.
Therefore this amplitude is used in the simulation to de-
termine the detection efficiency for η′→pi+pi−pi+(0)pi−(0)
decays.
The signal yields are obtained from extended un-
binned maximum likelihood fits to the pi+pi−pi+pi− and
pi+pi−pi0pi0 invariant mass distributions and the statisti-
cal significances for η′→pi+pi−pi+pi− and η′→pi+pi−pi0pi0
are calculated to be 18σ and 5σ, respectively. The
branching fractions of η′ → pi+pi−pi+(0)pi−(0) are deter-
mined to be B(η′→ pi+pi−pi+pi−) = (8.53±0.69±0.64)×
10−5 and B(η′→pi+pi−pi0pi0)= (1.82±0.35±0.18)×10−4,
which are in agreement with the predictions in Ref. [64],
but not with an older estimate based on broken-SU(6)×
O(6) quark model [65].
3 Radiative and Dalitz decays
3.1 η′→pi+pi−γ (preliminary results)
The anomalous process η′ → γpi+pi− is the second
most probable decay of the η′ meson (B = 29.1±0.5) %
[17]) and frequently used for η′ tagging. In the VMD
model the main contribution to the decay comes from
η′ → γρ0 [66]. In the past the di-pion mass distribu-
tion was studied by several experiments e.g. JADE [67],
CELLO [68], PLUTO [69], TASSO [70], TPC/γγ [71],
and ARGUS [72]. A peak shift of about +20 MeV with
respect to the expected position from the ρ0 contribution
was consistently observed. Dedicated [73] analysis using
∼2000 η′→ γpi+pi− events concluded that ρ0 contribution
is not sufficient to describe the di-pion mass spectrum.
This discrepancy could be attributed to the WZW box
anomaly contribution which should be included as an
extra non resonant term in the decay amplitude. It was
suggested that the fits to the shape of the di-pion distri-
bution will allow to determine the ratio of the two con-
tributions [74]. The evidence for the box anomaly with
a significance of 4σ was reported in 1997 by the Crystal
Barrel experiment [75] using a sample of 7490±180 η′
events but this observation was not confirmed by the sub-
sequent measurement by the L3 Collaboration [76] using
2123±53 events. Recently proposed model-independent
approach, based on ChPT and a dispersion theory, de-
scribes the η/η′→pi+pi−γ decay amplitudes as a product
of an universal and a reaction specific part [77]. The uni-
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Fig. 9. Results of the fits to (a) M(pi+pi−pi+pi−), (b) M(pi+pi−pi0pi0) and (c) M(pi+pi−), where the background
contributions are displayed as the hatched histograms.
versal part could be extracted from the pion vector form
factor measured precisely in e+e− → pi+pi−. The reac-
tion specific part was determined experimentally for the
η → pi+pi−γ decay by WASA-at-COSY [78] and KLOE
[79]. It was shown the di-pion distribution for the η de-
cay can not be described by the pion vector form factor
only. In Ref. [80] it was hypothesized that the reaction
specific part could be similar for the η and η′ decays.
For BESIII analysis a low background data sample
of 9.7× 105 η′ → γpi+pi− decays candidates is selected.
The distribution of the pi+pi− invariant mass, M(pi+pi−),
is displayed in Fig. 10. The ρ0−ω interference is seen
for first time in this decay. In the model-dependent ap-
proach the data can not be described with Gounaris-
Sakurai parameterisation [81] of the ρ0 and the ω con-
tributions including the interference. The fit perfor-
mance gets much better after including the box anomaly,
Fig. 10(a), with a statistical significance larger than 37σ.
An alternative fit was performed by replacing the box
anomaly with ρ0(1450), Fig. 10(b), by fixing its mass
the width to the world average values. The fit is slightly
worse but it still provides a reasonable description of the
data.
Using model-independent approach of Ref. [77] and
including ρ0 − ω mixing the pion vector form factor
FV (s) (where s=M
2(pi+pi−)) and amplitudes for η/η′→
γpi+pi− decays are proportional to P (s)·Ω(s) where P (s)
is a reaction specific term, P (s) = 1 + κs + λs2 + ξ ·
BWω +O(s4), Ω(s) is the Omnes function describing
pi−pi interactions with L = 1 [80, 82]. For η→ γpi+pi−
only the linear term κ = 1.32± 0.13 GeV−2 [78, 79] is
needed. The fit to the BESIII η′ → γpi+pi− data is
shown in Fig. 10(c), it yields κ=0.992 ± 0.039 GeV−2,
λ = −0.523 ± 0.039GeV−4, ξ = 0.199 ± 0.006 with
the fit goodness χ2/ndf=145/109. The presence of the
quadratic term is consistent with recent calculations in-
cluding intermediate pi±a∓2 state [83].
3.2 η′→pi+pi−l+l− [84]
The first observation of the conversion decay η′ →
pi+pi−e+e− was reported in 2009 by the CLEO [63] Col-
laboration. The decay is directly related to η′→pi+pi−γ
and involves virtual photon, η′→pi+pi−γ∗→pi+pi−e+e−.
The conversion process provides a more stringent test of
the models. Predictions for the decay are given within
VMD model and unitarized ChPT [85–87]. In the e+e−
invariant mass (q ≡ M(e+e−)) distribution for a con-
version decay the contribution of the photon propaga-
tor translates to the pole-like 1/q dependence close to
the lower kinematic boundary of q = 2me (see also
Sec. 3.3). For the η′ → pi+pi−e+e− decay a dominant
ρ0 contribution in the M(pi+pi−) is also expected. The
CLEO measurement based on just 7.9+3.9−2.7 signal events
was unable to explore these distributions. However,
the measured branching fraction B(η′ → pi+pi−e+e−) =
(2.5+1.2−0.9±0.5)×10−3 [63], is consistent with the predicted
value of ∼ 2×10−3. The corresponding conversion decay
with a µ+µ− pair are suppressed by two orders of mag-
nitude due to q = 2mµ cutoff. In the CLEO analysis an
upper limit of B(η′→ pi+pi−µ+µ−)< 2.4×10−4, at 90%
C.L. was set.
The finished BESIII analysis is based only on 2009
data. Figure 11 displays the e+e− mass spectrum by re-
quiring |M(pi+pi−e+e−)−mη′|< 0.02 GeV/c2, where the
background from γpi+pi− following the photon conversion
in the detector material could be clearly seen. The peak
close to 2me corresponds to the η
′ → pi+pi−e+e− signal
and the second peak around 0.015 GeV/c2 comes from
the η′→ γpi+pi− background. For the selected data sam-
ple any other background is negligible and the efficiency
for the signal is 16.9%. The number of 429± 24 sig-
nal events is taken from a fit of the two contributions to
theM(e+e−) distribution. The corresponding branching
fraction of B(η′→pi+pi−e+e−)= (2.11±0.12±0.15)×10−3
is in good agreement with theoretical predictions and
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Fig. 10. The results of the model-dependent fits toM(pi+pi−) with (a) ρ0−ω−box anomaly and (b) ρ0−ω−ρ0(1450).
(c) The results of model-independent fit with ω interference.
with the CLEO result. The mass spectra of pi+pi− and
e+e− are consistent with the expected ρ0 domination in
M(pi+pi−) distribution and the peak in theM(e+e−) dis-
tribution just above 2me threshold with a long tail.
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criteria are applied. The solid line represents the
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and the shaded histogram is for backgrounds ob-
tained from η′ sideband events.
Figure 12 shows the invariant mass of pi+pi−µ+µ−,
where no η′ signal is observed. The remaining events in
the η′ mass region are consistent with the contributions
from the background estimated with MC simulations.
The upper limit of B(η′ → pi+pi−µ+µ−) < 2.9× 10−5 at
the 90% C.L. is set.
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Fig. 12. Invariant mass spectrum of pi+pi−µ+µ−
for data (dots with error bars) after all the selec-
tion criteria are applied. The solid line represents
the fit result, the dotted histogram is MC sig-
nal shape and the shaded histogram is for back-
grounds obtained from η′ sideband events.
3.3 η′→ γe+e− [12]
Dalitz decays of light pseudoscalar mesons, P →
γe+e− where P = pi0, η, η′, play an important role in
revealing structure of the hadrons and the interaction
mechanism between photons and the hadrons [9]. The
decay rates can be calculated in Quantum Electrody-
namics (QED) where the inner structure of the mesons
is encoded by the transition form factor (TFF), F (q2),
where q2 is the invariant mass of the lepton pair squared.
A recent summary and discussion of this subject can be
found in Ref. [88].
The knowledge of the TFF is also important in stud-
ies of the muon anomalous magnetic moment, aµ =
(gµ− 2)/2, which is one of the most precise low-energy
test of the Standard Model and an important probe
for new physics. The theoretical uncertainty on the
SM calculation of aµ is dominated by hadronic correc-
tions and therefore limited by the accuracy of their de-
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termination [89]. In particular, the hadronic light-by-
light (HLbL) scattering contribution to aµ includes two
meson-photon-photon vertices that can be related to the
TFF. Thus, models describing these transitions should
be tested to reduce the uncertainty in the SM prediction
for aµ.
The conversion decay η′ → γe+e− is closely related
to η′ → γpi+pi−, and in particular the transition form
factor could be predicted from the invariant mass distri-
bution of the two pions and the branching ratio of the
η′→ γpi+pi− decay in a model independent way using a
dispersive integral [80].
The differential decay width [9] is calculated with,
dΓ(η′→ γl+l−)
dq2Γ(η′→ γγ) = [QED(q
2)]×|F (q2)|2, (5)
where [QED(q2)] represents the QED part for a point-like
meson which includes 1/q2 term due to photon propaga-
tor. Therefore for conversion decays involving electron-
positron pair the distribution peaks at the lowest invari-
ant masses q = 2me. The TFF can be experimentally
determined from the ratio of the measured di-lepton in-
variant mass spectrum and the [QED(q2)] term. In the
VMD model, it is assumed that interactions between vir-
tual photon and hadrons are described by a superposi-
tion of neutral vector meson states [8, 90]. The dominant
contribution is expected to come from ρ0 meson and the
form factor could be described by:
F (q2)=N
m2V
m2V −q2− iΓVmV
, (6)
where N is a factor ensuring that F (0)= 1 andmV ≈mρ,
ΓV ≈ Γρ where mρ, Γρ is the mass and width of the ρ0
meson respectively. In the case of the η′, the mass of the
pole lies within the kinematic boundaries of the decay
an therefore the −iΓVmV term cannot be neglected. A
parameter often extracted experimentally is the slope of
the form factor, b, defined as
b=
d|F |
dq2
∣
∣
∣
∣
q2=0
=
1
m2V +Γ
2
V
. (7)
Before the BESIII result, only the η′→ γµ+µ− pro-
cess has been observed with the TFF slope measured to
be bη′ = (1.7± 0.4) GeV−2 [9, 91]. In the VMD model,
Γ(η′→ γe+e−)/Γ(η′→ γγ) = (2.06±0.02)% [87] to be
compared to 1.8% if the TFF is set to one. The TFF
slope is expected to be bη′ = 1.45 GeV
−2 [92, 93] in the
VMD model, while in ChPT it is bη′ =1.60 GeV
−2 [94].
A recent calculation based on a dispersion integral gives
bη′ =1.53
+0.15
−0.08 GeV
−2 [80].
In the BESIII experiment the largest background
comes from QED processes and J/ψ→ e+e−γγ decays.
For these channels, the combination of the e+e− with
any final-state photon produces a smoothM(γe+e−) dis-
tribution. The primary peaking background comes from
the decay η′→ γγ followed by a γ conversion in the mate-
rial in front of the main drift chamber. The distance from
the reconstructed vertex point of the electron-positron
pair to the z axis is used to reduce the background down
to 42.7± 8.0 events. The resulting M(γe+e−) distribu-
tion after the selection criteria is shown in Fig. 13(a)
and exhibits a clear peak at the η′ mass. A fit is per-
formed to determine the signal yield with the signal
shape represented by the MC. The non-peaking back-
ground is described by a first-order Chebychev polyno-
mial. The fraction of the peaking background is fixed
from the simulation. The signal yield and the detec-
tion efficiency is summarized in Table 2. The decay
η′ → γγ from the same data set is used for normal-
ization and the result is quoted in terms of the ratio
Γ(η′→ γe+e−)/Γ(η′→ γγ) = (2.13±0.09±0.07)×10−2.
Using the branching fraction of η′→ γγ in PDG [17], we
obtain the first measurement of the η′→ γe+e− branch-
ing fraction reported in Table 2.
The TFF is extracted from the bin-by-bin effi-
ciency corrected signal yields for eight M(e+e−) bins for
M(e+e−)< 0.80 GeV/c2. The bin widths of 0.1 GeV are
used and are much wider than the M(e+e−) resolution
(5∼6 MeV depending on M(e+e−)). The signal yield in
each M(e+e−) bin is obtained by repeating the fits to
the M(γe+e−) mass distributions.
The result for |F |2 is obtained by dividing the accep-
tance corrected yields by the integrated QED prediction
in each M(e+e−) bin and it is shown in Figs. 13 (b)
and (c). The parameters from the fit of the TFF to the
parametrization of Eq. 6 aremV =(0.79±0.04±0.02) GeV
and ΓV = (0.13± 0.06± 0.03) GeV. The single pole pa-
rameterization provides a good description of data as
shown in Fig. 13 (b). The corresponding value of the
slope parameter is bη′ = (1.56± 0.19) GeV−2, in agree-
ment with the result from η′ → γµ+µ− [9]. The slope
agrees also within errors with the VMD model predic-
tions and the uncertainty matches the best determina-
tion in the space-like region from the CELLO collabora-
tion bη′ =(1.60±0.16) GeV−2 [95].
3.4 η′→ e+e−ω [13]
The decay η′ → pi+pi−e+e− [84] is dominated by η′
→ρ0e+e−, in agreement with theoretical predictions [85,
86]. The corresponding decay η′ → ωe+e− was not ob-
served before BESIII measurements. Theoretical mod-
els [85, 96] predict the branching fraction to be around
2.0×10−4.
A parallel analysis of η′→ e+e−ω and η′→ γω decays
allows to reduce the impact of systematic errors for the
ratio of the branching fractions. For η′→ e+e−ω decay,
candidate events with four well-reconstructed charged
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Fig. 13. (a) Invariant γe+e− mass distribution for the selected signal events. The (black) crosses are the data, the
(red) dashed line represents the signal, the (green) dot-dashed curve shows the non-peaking background shapes,
the (orange) shaded component is the shape of the peaking background events. (b) Fit to the single pole form
factor |F |2. (c) Determination of the form factor slope by fitting to |F |2.
tracks and at least three photons are selected. The ex-
ternal conversion background from η′ → γω is removed
by requiring the distance of the vertex from the z axis to
be less than 2 cm (according to simulation only 2.6±0.3
background events will survive the cut). In the selected
data sample both the ω peak in M(pi0pi+pi−) and the η′
peak in M(pi0pi+pi−e+e−) is clearly seen in the scatter
plot shown in Fig. 14(a). The best identification of the
process is achieved in theM(pi0pi+pi−e+e−)−M(pi0pi+pi−)
distribution. This distribution is used in a fit to ex-
tract the signal yields as indicated in Fig. 14(b). The
decay of η′→ωe+e− is observed with a statistical signif-
icance of 8σ, and its branching fraction is measured to
be B(η′→ωe+e−)= (1.97±0.34±0.17)×10−4, consistent
with theoretical predictions [85, 96].
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Fig. 14. (a) Distribution of M(pi0pi+pi−e+e−)
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background contributions and the dotted line is
the remaining background.
3.5 η′→ γγpi0 [14]
The η′ → γγpi0 decay should be dominated by the
sequential process η′ → γω → γγpi0. The interesting
question is to determine a non-resonant contribution to
the decay. At present there is only a preliminary the-
oretical analysis which uses combination of the linear
sigma model and VMD. The prediction for branching
fraction of η′ → γγpi0 is ∼ 6× 10−3 [97, 98]. This is
quite puzzling result giving two times larger value than
the γω sequence. The first observation of η′ → γγpi0 is
reported by the BESIII experiment. Fig. 15(a) shows
the γγpi0 invariant mass spectrum, where the clear η′
peak is observed. By assuming that the inclusive decay
η′→ γγpi0 can be attributed to the vector mesons ρ0 and
ω and the non-resonant contribution, a unbinned maxi-
mum likelihood fit to the γpi0 invariant mass [Fig. 15 (b)]
is performed to determine the signal yields for the non-
resonant η′→ γγpi0 decay using the η′ signal events with
|M(γγpi0)−mη′ |< 25 MeV/c2. In the fit, the ρ0-ω inter-
ference is considered, but possible interference between
the ω (ρ0) and the non-resonant process is neglected.
The branching fraction of the inclusive decay is mea-
sured to be B(η′→ γγpi0)Incl.=(3.20±0.07±0.23)×10−3,
which is much lower than the theoretical predictions
[97, 98]. In addition, the branching fraction for the non-
resonant decay is determined to be B(η′ → γγpi0)NR =
(6.16±0.64±0.67)×10−4, which agrees with the upper
limit measured by the GAMS-2000 experiment [59]. As a
validation of the fit, the product branching fraction with
the omega intermediate state involved is obtained to be
B(η′ → γω) · B(ω → γpi0) = (2.37± 0.07± 0.18)× 10−3,
which is consistent with the PDG value [17]. Hopefully
this first result will trigger new theory analyses of the
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Fig. 15. (a) Distribution of M(γγpi0) for the selected inclusive η′→ γγpi0 signal events. The dotted and dot-dashed
curve are the of the background contributions. The total fit result is shown as the solid line. (b) Distribution of
M(γpi0) and fit result (solid line). The dotted-curve is the ω-contribution; the long dashed-curve ρ0-contribution;
the short dashed-curve is the ρ0-ω interference. The other curves are described in the picture. (c) Acceptance
corrected and normalized to the partial width (in keV)M2(γγ) distribution for the inclusive η′→ γγpi0 decay. The
error includes the statistic and systematic uncertainties. The (blue) histogram is the incoherent sum of ρ0 and
ω and the non-resonant components from MC simulations; the (back) dotted-curve is ω-contribution; the (red)
dot-dashed-curve is the ρ0-contribution; and the (green) dashed-curve is the non-resonant contribution.
decay. In particular a combined analysis of this decay
with η′ → pi+pi−pi0γ might provide more details about
role of isoscalar mesons and isospin violating processes
to the η′ transition form factor.
4 Rare decays
4.1 Invisible decays [99]
Studies of η, η′ decays where one or more prod-
ucts escape detection is a sensitive probe for new light
particles beyond the SM. A two-body hadronic decay
J/ψ → φη(η′) is well suited to tag production of η/η′
mesons since the presence of undetected particles could
be established by missing four-momentum. The φ me-
son is reconstructed efficiently and with good resolution
from the K+K− decay. The method was first applied for
searches of the invisible decays of η/η′ (i.e. where none
of the decay products is observed) at BESII experiment
in 2005 [100].
At BESIII the search for the invisible decays of η and
η′ was repeated using 2009 data set i.e. with the statis-
tics of four times larger than BESII. The event selec-
tion requires exactly two tracks with opposite charges,
identified as kaons. Figure 16(a) shows invariant mass
of the kaons, M(K+K−), with a clear φ peak, while
no evident η or η′ signal is observed in the mass spec-
trum for the φ recoil system as shown in Fig. 16(b). To
reduce the systematic uncertainty, the η(η′) → γγ de-
cay is also identified in J/ψ → φη(η′), and the ratios
of B(η(η′)→ invisible) to B(η(η′)→ γγ) are determined.
Using the world averages [17] for the two photon branch-
ing fractions of η and η′, the following 90% C.L. upper
limits are obtained B(η → invisible) < 1.32× 10−4 and
B(η′→ invisible)< 5.31×10−4.
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Fig. 16. (a) M(K+K−) distribution; (b) Recoil
mass distribution against φ candidates, Mrecoilφ ,
for events with 1.01 GeV/c2 <M(K+K−)< 1.03
GeV/c2 in (a). Points with error bars are data;
the (blue) solid histogram is the sum of the ex-
pected backgrounds; the dashed histograms (with
arbitrary scale) are signals of η and η′ invisi-
ble decays from MC simulations; the arrows on
the plot indicate the signal regions of the η and
η′→ invisible.
X-13
Chinese Physics C Vol. X, No. X (X) X
4.2 η/η′→pi+e−ν¯
e
+c.c. [101]
Within the framework of the chiral perturbation the-
ory, the upper bound of the branching fraction η →
pi+l−ν¯l is predicted to be 2.6×10−13. After considering
scalar or vector type interaction, the branching fraction
of η→pi+l−ν¯l was estimated to be 10−8−10−9 [102, 103],
which is a few orders of magnitudes higher than that
in the SM. Therefore, searches for the η → pi+l−ν¯l and
η′→pi+l−ν¯l at the branching fractions level of 10−8−10−9
and below will provide information on the new physics
beyond the SM.
At BESIII the searches for the decays of η and
η′→ pi+e−ν¯e+ c.c. were performed using J/ψ→ φη and
φη′ with the φ meson reconstructed using K+K− decay.
No signals are observed in the pi+e−ν¯e mass spectrum
shown in Fig. 17 for either η or η′, and upper limits at the
90% C.L. are determined to be 7.3×10−4 and 5.0×10−4
for the ratios B(η→pi+e−ν¯e+c.c.)/B(η→pi+pi−pi0) and
B(η′→pi+e−ν¯e+c.c.)/B(η′→pi+pi−η), respectively. Us-
ing the known values of B(η → pi+pi−pi0) and B(η′ →
pi+pi−η), the 90% C.L. upper limits for the semileptonic
decay rates are B(η → pi+e−ν¯e+ c.c.) < 1.7× 10−4 and
B(η′→pi+e−ν¯e+c.c.)< 2.2×10−4.
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Fig. 17. The M(pi+e−ν¯e) distributions of candi-
date events: (a) for J/ψ → φη (η → pi+e−ν¯e);
(b) for J/ψ → φη′ (η′ → pi+e−ν¯e). For both (a)
and (b): the data (dots with error bars) are com-
pared to the signal MC samples (red dashed his-
togram) and the expected backgrounds (solid blue
histogram). The arrows on the plots indicate the
signal regions of η and η′ candidates.
4.3 η/η′→pipi [104]
In the SM, these processes can proceed via the weak
interaction with a branching fraction of order 10−27 ac-
cording to Ref. [105]. Higher branching fractions are
possible either by introducing a CP violating term in
the QCD lagrangian (a branching fraction up to 10−17
can be obtained in this scheme) or allowing CP viola-
tion in the extended Higgs sector (with B up to 10−15),
as described in Ref. [105]. The detection of these de-
cays at any level accessible today would signal P and
CP violations from new sources, beyond any considered
extension of the SM.
In BESIII analysis of the 2009 data set, the CP and P
violating decays of η/η′→ pi−pi− and pi0pi0 were searched
in J/ψ radiative decays. The mass spectra of pi+pi− and
pi0pi0 are shown in Fig. 18 and Fig. 19, respectively. No
significant η or η′ signal is observed. Using the Bayesian
method, the 90% C.L. upper limits are determined to be
B(η→ pi+pi−) < 3.9× 10−4, B(η′ → pi+pi−) < 5.5× 10−5,
B(η→pi0pi0)< 6.9×10−4 and B(η′→pi0pi0)< 4.5×10−4.
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Fig. 18. The pi+pi− invariant mass distributions of
the final candidate events, (a) η mass region, (b)
η′ mass regions. The dots with error bars are
data, the solid lines are the fit described in the
text, and the dashed histograms are the sum of
all the simulated normalized backgrounds. The
arrows show mass regions which should contain
95% of the signal according to MC simulations.
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the final candidate events, (a) η mass region, (b)
η′ mass regions. The dots with error bars are the
data, the solid lines are the fit described in the
text, and the dashed histograms are the sum of
all the simulated normalized backgrounds. The
arrows show mass regions which should contain
95% of the signal according to MC simulations.
4.4 η′→K±pi∓ [106]
Non-leptonic weak decays are valuable tools for ex-
ploring physics beyond the SM. Among the non-leptonic
decays, the decay η′ → K±pi∓ is of special interest due
to the long-standing problem of the ∆I = 1/2 rule in
weak non-leptonic interactions. The branching fraction
of η′ → K±pi∓ decay is predicted to be of the order of
10−10 or higher [107], with a large long-range hadronic
contribution expected.
A search for the non-leptonic weak decay η′→K±pi∓
is performed for the first time through the J/ψ → φη′
decay, while no evidence for η′ → K±pi∓ is seen in the
Kpi mass spectrum (Fig. 20). Thus the 90% C.L. upper
limit on B(η′→K±pi∓) of 3.8×10−5 is reported.
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Fig. 20. The K±pi∓ invariant mass distribution,
where the arrows show the signal region. The
dots with error bars are the data, the dashed his-
togram is for the signal MC with arbitrary nor-
malization, and the solid histogram is the back-
ground contamination from a MC simulation of
J/ψ→φpi+pi−.
5 Summary
J/ψ decays provide a clean source of η′ for the de-
cay studies. Based on the world largest sample of J/ψ
events, the recent results on η/η′ decays achieved at the
BESIII experiment are presented. In addition to the im-
proved accuracy on the branching fractions of η′, obser-
vation of η′ new decay modes, including η′→pi+pi−pi+pi−,
η′ → pi+pi−pi0pi0, η′ → ρ∓pi± and η′ → γe+e−, were
reported for the first time. Precision of η′ → pi+pi−γ
M(pi+pi−) distribution from BESIII with clear ρ0−ω in-
terference is comparable to the e+e−→ pi+pi− data and
allows to compare these two reactions in both model de-
pendent and model independent way. In particular a
competitive extraction of ω→ pi+pi− branching fraction
is possible. It is found that an extra contribution is nec-
essary to describe data besides the contributions from
ρ0(770) and ω.
Despite the impressive progress, many η/η′ decays
are still to be observed and explored. The BESIII detec-
tor will collect a sample of 1010 J/ψ events in the near
future, which offers great prospects for research in η/η′
physics with unprecedented precision.
A list of the specific decay channels where important
impact of the new data is expected includes:
• Larger data samples of η → pi+pi−pi0 and η →
pi0pi0pi0 decays from BESIII experiment are needed
to provide independent check of the analyses car-
ried out at other experiments. The Dalitz plot dis-
tributions will be made available for the direct fits
to theory. In particular data from the planned run
will allow to collect approximately 0.5×106 events
of η→ pi+pi−pi0 with negligible background. In ad-
dition one could probably also use other J/ψ decay
modes as sources of η mesons. Some possible ex-
amples are J/ψ→ωη (B=(1.74±0.20)×10−3) and
J/ψ→ pp¯η (B=(2.00±0.12)×10−3).
• For η′ → pi+pi−η and η′ → pi0pi0η decays the anal-
ysis could be extended not only by using the new
data but also by reconstructing the final states with
three pion decay modes of η in addition to η→ γγ.
The increased statistics would allow e.g. to search
for the cusp in η′→ pi0pi0η and provide further in-
formation about ηpi scattering [57]. In addition the
use of the same final state topology η′→pi+pi−(η→
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pi0pi0pi0) and η′→pi0pi0(η→pi+pi−pi0) will enable to
determine ratio of the two decay modes with low
systematic uncertainty.
• For η′→ pi0pi0pi0 and η′→ pi+pi−pi0 larger statistics
is crucial to carry out amplitude analysis of the pro-
cesses. At present it is impossible to differentiate
between S and D waves. A detailed understand-
ing of this process dynamics is a prerequisite for a
program of light quark masses determination from
comparison to the η′ → pipiη processes, a method
which do not rely on the full decay width value.
Several theory groups has expressed interest in de-
scription of the decay within dispersive approach.
The overall goal is understanding of all parity even
processes of η and η′.
• Hadronic parity odd processes η′ → pi+pi−pi+pi−,
pi+pi−pi0pi0 offers a window to study double off shell
transition form factor of η′. The ultimate goal
would be to carry out amplitude analysis of the
reactions. The new data with expected about 1200
events would allow for a first stage of such anal-
ysis. However, the collected data on these decays
together with η′ → pi+pi−e+e− decay will already
provide unique constraints and checks for the mod-
els of the η′ double off shell transition form factor.
In addition, since the predicted branching fraction
for the related η′ → pi+pi−µ+µ− process is about
2×10−5, the decay likely will be observed with the
new data. The branching fraction value of this de-
cay is sensitive to the η′ transition form factor.
• For η′ → pi+pi−e+e− decay much progress is ex-
pected. A combined analysis of 2012 and the new
run data will allow for a sample close to 2× 104
events. In particular a CP symmetry test by mea-
surement of asymmetry between the lepton and the
pion decay planes [108, 109] as well as studies of
theM(e+e−) andM(pi+pi−) distributions would be
possible.
• Among the discussed in this review very rare de-
cays of η/η′ the largest impact of the new data is
expected for invisible decays, η/η′ → pi+e−ν¯e and
η′ → K±pi∓ where no background was observed.
Therefore the sensitivity should scale with luminos-
ity. In addition the results for the first two decay
modes are based on the 2009 data set only.
Both η and η′ decays are important tools for stud-
ies of strong interactions in non-perturbative region and
for determination of some SM parameters. In addition
they provide an indirect way to probe physics beyond
the standard model. In particular the pursued at BE-
SIII η and η′ decay program, where the data collected
at J/ψ are used for wealth of other studies, represents
smart and resource efficient research strategy.
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